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KOKAI (Japanese Unexamined Patent Publication) No. 11-87668 

Title of the Invention: Method for Manufacturing SOI Board 
Publication Date: March 30, 1999 
Patent Application No. 9-239174 
Filing date: September 4, 1997 

Applicant: Mitsubishi Materials Silicon Corporation 

Abstract 
Objective 

Gas bubbles can be formed efficiently in an ion-implanted area 
of a semiconductor board by implanting hydrogen-gas ions or 
hydrogen-molecule ions in said board after implanting helium 
ions therein. 

Means for Solving thg Problem 

Under the method for manufacturing an SOI board of the present 
invention, after first of all implanting hydrogen-gas ions or 
hydrogen^molecule ions and rare-gas ions in a semiconductor 
board 11 on whose surface an insulation layer 11a has been 
formed and forming an ion^implanted area lib that is parallel 
to the insulation layer 11a inside the semiconductor board 11, 
the semiconductor board 11 is placed over a support board 12 
to form a laminated body 13. Next, the temperature of the 
laminated body 13 is raised to a predetermined temperature and 
the semiconductor board 11 is divided at the ion- implanted area 
lib into a thick part 11c and a thin film lid. The ions implanted 
in the semiconductor board 11 are hydrogen-gas ions -or 
hydrogen-molecule ions and helium ions, and these ions are 
implanted in the following order: after the helium ions are 
implanted/ the hydrogen gas ions or the hydrogen-molecule ions 
are implanted. 



1 



SCOPE OF CLAIM FOR PATENT 
Claim 1 

A method for manufacturing an SOI board comprising: 

a step of implanting hydrogen-gas ions or 
hydrogen-molecule ions and rare-gas ions in a semiconductor 
board 11 having on its surface an insulation layer 11a to form 
an ion-implanted area lib parallel to the insulation layer 11a 
inside the semiconductor board 11; 

a step of forming a laminated body 13 by superimposing 
the semiconductor board 11 on a support board 12; and 

a step of dividing the semiconductor board 11 at the 
ion- implanted area lib into a thick part 11c and a thin film 
lid by raising the temperature of the laminated body 13 to a 
predetermined temperature, characterized by the fact that 

the ions implanted inside the semiconductor board 11 are 
hydrogen-gas ions or hydrogen-molecule ions and helium ions; 
and that 

these ions are implanted in the following order: after 
the helium ions are implanted, the hydrogen gas ions or the 
hydrogen-molecule ions are implanted. 

Claim 2 

The method for manufacturing an SOI board set forth in Claim 
I, wherein the quantity of helium ions to be implanted is 0.5 
x 10 16 /cm 2 , and the quantity of hydrogen-gas ions to be implanted 
is 3.0 x io 16 to 4.5 xio 16 /cm 2 . 

Claim 3 

The method for manufacturing an SOI board set forth in Claim 
1/ wherein the quantity of helium ions to be implanted is 0.5 
x 10 16 /cm 2 , and the quantity of hydrogen-molecule ions to be 
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implanted is 1.5 x 10 16 to 2 . 0 xlO l6 /cm z . 

Detailed Explanation of the Invention 
[0001] 

Technical Field of the Invention 

The present invention relates to a method for manufacturing 
an SOI board having a support board with a mono-crystalline 
thin film thereon. 
[0002] 
Prior Art 

This type of SOI board is drawing attention as a future ultra 
large scale integration circuit (an ULSI) . The following are 
three of the existing methods for manufacturing an SOI board: 
1 . A method whereby silicon boards are bonded together through 
an insulation film; 2. A method whereby a silicon membrane is 
deposited on a board having an insulating board or an 
insulating membrane on its surface; 3. A SIMOX method whereby 
after highly-concentrated oxygen ions are implanted in the 
inside of a silicon board, the silicon board is annealed at 
a high temperature, and an embedded silicon oxide layer is 
formed at a predetermined depth from the surface of the silicon 
board/ and the silicon layer on the side of that surface is 
used as the active zone. 
[0003] 

Recently a method for manufacturing a thin semiconductor 
material film having a thin film on the surface of its support 
board has been proposed (Japanese Unexamined Patent 
Publication (Kokai) No. 5-211128), the said method comprising: 
implanting hydrogen ions, etc. in a semiconductor wafer, and 
then placing this semiconductor wafer on a support board with 
the surface into which the ions were implanted facing downward, 
bringing this laminated body up to a temperature above 500"C, 
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and separating the semiconductor wafer from the support board 
at the part wherein the hydrogen ions, etc. were implanted. 
A semiconductor wafer with a thin film of even thickness can 
be obtained using this method, if the ions can be implanted 
within the semiconductor wafer uniformly from the surface. 
Moreover, an SOI board can be manufactured using this method 
if an oxide layer is provided in advance on the surface of the 
support board. 
[0004] 

Problems to be Solved by the Invention 

When implanting only hydrogen ions in a semiconductor wafer 
under the abovementioned conventional method for 
manufacturing a thin semiconductor material film, a relatively 
large amount of hydrogen ions has to be implanted, and this 
presents the problem that the ion implantation takes a 
relatively long time. Moreover, although it is mentioned in 
the patent gazette of the abovementioned conventional method 
for manufacturing a thin semiconductor material film that 
hydrogen-gas ions and two or more types of rare-gas ions can 
be used in combination, there is no reference whatsoever as 
to what combination is optimal or the optimal implantation 
order. 
[0005] 

The objective of the present invention is to provide a method 
for manufacturing an SOI board, said method enabling gas 
bubbles to be formed efficiently in an ion-implanted area of 
a semiconductor board by implanting hydrogen-gas ions or 
hydrogen-molecule ions in the said board after implanting 
rare-gas ions such as helium ions, etc. therein. Another 
objective of the present invention is to provide a method for 
manufacturing an SOI board, which enables gas bubbles to be 
formed in an ion-implanted area of a semiconductor board, the 
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total amount of ions implanted under the said method being less 
than the amount implanted under a conventional method under 
which only hydrogen ions are implanted. 
[0006] 

Means for Solving the Problems 

After repeating experiments that involved implanting a 
combination of hydrogen-gas ions or hydrogen-molecule ions and 
rare-gas ions in a semiconductor board/ the inventors of the 
present invention learned that the total amount of ions 
implanted differed greatly when the order in which the ions 
were implanted was changed and hence deduced the present 
invention. 
[0007] 

The invention set forth in Claim 1, as shown in Figure 1, 
represents an improvement over a method for manufacturing an 
SOI board comprising: a step of implanting hydrogen-gas ions 
or hydrogen-molecule ions and rare-gas ions in a semiconductor 
board 11 having on its surface an insulation layer 11a to form 
an ion-implanted area lib parallel to the insulation layer 11a 
inside the semiconductor board 11 ; a step of forming a laminated 
body 13 by superimposing the semiconductor board 11 on a support 
board 12; and a step of dividing the semiconductor board 11 
at the ion- implanted area lib into a thick part 11c and a thin 
film lid by raising the temperature of the laminated body 13 
to a predetermined temperature. The characteristic structure 
of the said method is that the ions implanted inside the 
semiconductor board 11 are hydrogen-gas ions or 
hydrogen-molecule ions and helium ions, and that these ions 
are implanted in the following order: after the helium ions 
are implanted, the hydrogen-gas ions or the hydrogen-molecule 
ions are implanted. (With the SOI board described in Claim 1, ) 
as the gas bubbles can be formed more efficiently in the 
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ion- implanted area of the semiconductor board than is the case 
when an SOI board is manufactured using a method whereby only 
hydrogen-gas ions or only helium ions are implanted, if the 
hydrogen-gas ions or hydrogen-molecule ions are implanted 
after the helium ions so that the total amount of ions implanted 
is the same {translator' s note: "the same" here although not 
stated In the Japanese text seems to mean "the same as the total 
amount implanted according to the former method"') and the 
process of separating the thin film is carried out, the 
semiconductor board 11 breaks more easily at the ion- implanted 
area lib starting from the gas holes, and is divided into a 
thick part 11c and a thin film lid. 
[0008] 

The invention set forth in Claim 2 is the invention set forth 
in Claim 1, further characterized by the fact that the quantity 
of helium ions implanted is 0.5 x 10 16 /cm 2 , and the quantity 
of hydrogen-gas ions implanted is 3.0 * 10 16 to 4.5 xio u /cm z . 
The invention set forth in Claim 3 is the invention set forth 
in Claim 1, further characterized by the fact that the quantity 
of helium ions implanted is 0.5 x 10 16 /cm 2 , and the quantity 
of hydrogen-molecule ions implanted is 1.5 x io 16 to 2.0 
xl0 16 /cra 2 . Under the method for manufacturing an SOI board set 
forth in Claim 1 or Claim 2, gas bubbles can be formed in the 
ion-implanted area when the board is subjected to heat 
treatment to separate off the thin film, with the same or less 
total ion-implantation amount as used under a conventional 
method whereby only hydrogen-gas ions are implanted. 
[0009] 

Mode for Carrying Out the Invention 

The following is an explanation, supported by the drawings, 
of a mode for carrying out the present invention. As shown in 
Figure 1, to manufacture the SOI board of the present invention, 
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first an oxide layer 11a (Si0 2 layer), which is an insulation 
layer, is formed on the surface of a semiconductor board 11 
consisting of a silicon wafer by means of thermal oxidation. 
Next, after implanting helium ions (He + ) at a dose of at least 
0.5xl0 16 /cm 2 in this board 11 (Figure 1 (a)), hydrogen ions (He*) , 
which are hydrogen-gas ions, at a dose of at least 
3.0xio 16 /cm 2 or hydrogen-molecule ions (H 2 + ) at a dose of at 
least 1.5xio 16 /cm 2 are implanted therein (Figure 1 (c) ) . The 
symbol "lib" represents the ion- implanted area formed within 
the semiconductor board 11 as a result of the implantation of 
helium ions or helium ions and hydrogen-gas ions. This 
ion-implanted area lib is formed parallel to the oxide layer 
11a . Moreover, if hydrogen-gas ions <H + ) are used, they need 
to be implanted at a dose that is approximately twice the 
ion-implantation dose required when hydrogen-molecule ions 
(H 2 + ) are used. 
[0010] 

Next, a support board 12 consisting of a silicon wafer with 
the same surface area as the above semiconductor board 11 is 
prepared (Figure 1 (b) ) , and after cleaning both boards 11 and 
12 according to an RCA method, the semiconductor board 11 is 
placed on top of the support board 12 at room temperature and 
a laminated body 13 is thereby formed (Figure 1 (d) ) . This 
laminated body 13 is brought up to a temperature ranging between 
500 and 800'C in a nitrogen (N 2 ) atmosphere, it is kept at this 
temperature range for 5 to 30 minutes and subjected to a thermal 
treatment to separate a thin film therefrom. This treatment 
causes the semiconductor board 11 to split at the ion- implanted 
area lib and separate into a thick part 11c at the top and a 
thin film lid at the bottom (Figure 1 (e) ) . The reason why the 
temperature range is limited to 500 and 800'C during the 
abovementioned heat treatment is because there is the problem 
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that the increase in pressure within the gas bubbles due to 
the nitrogen (N 2 ) is insufficient at temperatures below 500°C, 
and at temperatures above 800*0, there is the problem that the 
surface roughness tends to increase due to the growth of the 
gas bubbles advancing. 
[0011] 

Next, the temperature of the laminated body 13 within which 
the above semiconductor board 11 has split at the ion-implanted 
area lib, is reduced; the thick part 11c of the semiconductor 
board 11 (hereinafter simply the thick part 11c) is removed from 
the support board 12 that has been overlaid with the thin film 
lid through the oxide layer 11a (hereinafter simply the support 
board 12), the temperature of this support board 12 is raised 
to 900 to 1200*C in an oxygen (0 2 > or nitrogen (N 2 ) atmosphere, 
it is kept at this temperature range for 30 to 120 minutes and 
subjected to a thermal treatment (Figure 1 (f)) . The purpose 
of this heat treatment is to strengthen the bond between the 
thin film lid and the support board 12 • In addition, the 
separation planes of the support board 12 and the thin film 
lid are each touch polished and smoothed (Figure 1 (h) and Figure 
1 (i) .) As a result, the support board 12 becomes an SOI board, 
and the thick part 11c can be reused as a support board or a 
semiconductor board in the manufacture of an SOI board. 
Moreover, an oxide layer (Si0 2 layer) , which is an insulation 
layer, was formed on the surface of the semiconductor board 
by means of thermal oxidation under the above mode of carrying 
out the invention, but it is also fine to form an insulation 
layer on the surface of the semiconductor board by means of 
a nitriding treatment, etc. 
[0012] 

Embodiments 
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The following is a detailed explanation, based on the drawings, 
of the embodiments of the present invention. 

Embodiment 1 

As shown in Figure 1 (a) and Figure 1(c), a semiconductor board 
11 consisting of a silicon wafer with a thickness of 625 pm 
was thermally oxidized and an oxide layer 11a with a thickness 
of 400 nm was thereby formed on the surface of the said board 
(Figure 1(a)). Voltage of 90 kev was applied to this 
semiconductor board 11 and 0*5xl0 16 /cm 2 of helium ions (He + ) 
implanted therein (Figure 1(a).) Voltage of 120 keV was 
subsequently applied to the said board and 1.5xl0 16 /cm 2 of 
hydrogen-molecule ions (H 2 + ) implanted therein (Figure 1(c).) 
This semiconductor board was called Embodiment 1. 

Embodiment 2 

A semiconductor board produced in the same way as the 
abovementioned Embodiment 1 except that the implantation 
amount for the helium ions and the hydrogen-molecule ions was 
1.0*io 16 /cm 2 and 1.5*l0 16 /cm 2 respectively, was called 
Embodiment 2. 
[0013] 

Embodiment 3 

A semiconductor board produced in the same way as the 
abovementioned Embodiment 1 except that the implantation 
amount for the helium ions and the hydrogen-molecule ions was 
2.0xio l6 /cm 2 and 1.5*10 16 /cm 2 respectively, was called 
Embodiment 3 . 

Embodiment 4 

A semiconductor board produced in the same way as the 
abovementioned Embodiment 1 except that the implantation 
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amount for the helium ions and the hydrogen-molecule ions was 
1.0xl0 16 /cm 2 and 2 . Oxio 16 /cm 2 respectively, was called 
Embodiment 4 . 

Embodiment 5 

A semiconductor board produced in the same way as the 
abovementioned Embodiment 1 except that the implantation 
amount for the helium ions and the hydrogen-molecule ions was 
1.0*10 l6 /cm 2 and 2.5*1 0 16 /cm 2 respectively, was called 
Embodiment 5. 
[0014] 

Comparative Example 1 

A semiconductor board produced in the same way as the 
abovementioned Embodiment 1 except that helium ions were not 
implanted and that the hydrogen-molecule ions only were 
implanted at a dose of 0 . 5xio 16 /cm 2 , was called Comparative 
Example 1. 

Comparative Example 2 

A semiconductor board produced in the same way as the 
abovementioned Comparative Example 1 except that the 
hydrogen-molecule ions were implanted at a dose of 1 . 0*10 16 /cm 2 , 
was called Comparative Example 2. 

Comparative Example 3 

A semiconductor board produced in the same way as the 
abovementioned Comparative Example 1 except that the 
hydrogen-molecule ions were implanted at a dose of 1 . 5*10 16 /cm 2 , 
was called Comparative Example 3. 
[0015] 

Comparative Example 4 
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A semiconductor board produced in the same way as the 
abovementioned Comparative Example 1 except that the 
hydrogen-molecule ions were implanted at a dose of 2 . 0*1 0 36 /cm 2 , 
was called Comparative Example 4, 

Comparative Example 5 

A semiconductor board produced in the same way as the 
abovementioned Comparative Example 1 except that the 
hydrogen-molecule ions were implanted at a dose of 2 . 5*10 16 /cm 2 , 
was called Comparative Example 5. 

Comparative Example 6 

A semiconductor board produced in the same way as the 
abovementioned Comparative Example 1 except that 
hydrogen-molecule ions were not implanted and that helium ions 
only were implanted at a dose of 0 . 5*10 16 /cm 2 , was called 
Comparative Example 6. 
[0016] 

Comparative Example 7 

A semiconductor board produced in the same way as the 
abovementioned Comparative Example 6 except that the helium 
ions were implanted at a dose of 1 . 0xlQ 16 /cm 2 , was called 
Comparative Example 7. 

Comparative Example 8 

A semiconductor board produced in the same way as the 
abovementioned Embodiment 1 except that the implantation 
amount for the helium ions and the hydrogen-molecule ions was 
l,Oxio 16 /cm 2 and 1.0*10 16 /cm 2 respectively, was called 
Comparative Example 8 . 

Comparative Example 9 
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A semiconductor board produced in the same way as Embodiment 
2 except that the order in which the ions were implanted was 
reversed, was called Comparative Example 9, In other words, 
a semiconductor board that was implanted with helium ions at 
a dose of 1.0xl0 16 /cm 2 after it had been implanted with 
hydrogen-molecule ions at a dose of 1 . 5xl0 16 /cm 2 was called 
Comparative Example 9. 
[0017] 

Comparative Testing and Evaluations 

Each of the semiconductor boards from the Embodiments 1 to 5 
and the Comparative Examples 1 to 9 were subjected to an 
annealing process the same as the thermal treatment for 
separating the thin film, in other words, kept at 60Q*C in a 
nitrogen (N 2 ) atmosphere for 30 minutes, and then examined to 
see whether or not blisters had formed on the surface of the 
oxide layer of each semiconductor board* The results of this 
examination are shown in Table 1 and Figure 3. Moreover, the 
reason why the surfaces were examined for the existence of 
blisters after the annealing process is because to produce an 
SOI board by combining the implantation of helium ions and 
hydrogen-molecule ions and bonding technology, it is necessary, 
as shown in Figure 2, for the gas bubbles lie to form in the 
ion-implanted area lib of the semiconductor board 11 after the 
annealing process when it is not bonded to anything, and if 
these gas bubbles lie form, the blisters 11 f will form on the 
surface of the oxide layer 11a. In other words, it is because 
it is possible to determine whether or not the gas bubbles lie 
have formed in the ion-implanted area lib by [checking) whether 
or not the blisters llf have formed. Moreover, the open circles 
and the black circles in Figure 3 indicate that blisters have 
formed, and the x marks indicate that blisters have not formed. 
[0018] 
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Table 1 





Ions 

Implanted the 
First Time 
and the 
Implantation 
Dose of Same 
(xl0 1€ /cm 2) 


Ions 

Implanted the 
Second Time 
and the 
Implantation 
Dose of Same 
(*10 16 /cm 2> 


Total 
Amount of 
Ions 

Implanted 
<*10 16 /cm 2) 


Whether 
or Not 
Blisters 
Formed 


Embodiment 1 


A L 


He* 0.5 


H 2 * 1.5 


2.0 


Yes 


Embodiment 2 


A 2 


He T l.o 


H 2 * 1.5 


2.5 


Yes 


Embodiment 3 


A 3 


He* 2.0 


H 2 * 1.5 


3.5 


Yes 


Embodiment 4 


A« 


He* 1.0 


H 2 + 2.0 


3.0 


Yes 


Embodiment 5 


A 5 


He* 1.0 


H 2 * 2.5 


3.5 


Yes 


Comparative 
Example 1 


Bi 


H 2 + 0.5 




0.5 


No 


Comparative 
Example 2 


B 2 


H 2 T 1.0 




1.0 


No 


Comparative 
Example 3 


B 3 


H 2 * 1.5 





1.5 


No 


Comparative 
Example 4 


B 4 


H 2 * 2.0 





2.0 


No 


Comparative 
Example 5 


B 5 


H 2 * 2.5 




2.5 


Yes 


Comparative 
Example 6 


Be 


He* 0.5 




0.5 


No 


Comparative 
Example 7 


B7 


He* 1.0 




1.0 


No 


Comparative 
Example 8 


B 8 


He* 1.0 


H 2 4 1.0 


2.0 


No 


Comparative 
Example 9 




H 2 * 1.5 


He* 1.0 


2.5 


No 



[0019] 



As is evident from Table 1 and Figure 3, blisters formed in 
the case of Embodiment 2, but not in the case of Comparative 
Example 9 for which the order in which the ions were implanted 
was the reverse of that for Embodiment 2. It is conceivable 
that by implanting the helium ions, which are heavy by mass, 
first in the case of Embodiment 2, as opposed to the relatively 
light hydrogen-molecule ions, the ion-implanted area 
(implantation damage area, amorphous layer) was effectively 
formed, and that this in turn sharpened the implantation 
distribution width of the hydrogen-molecule ions thereafter 
implanted, and in addition that the rearrangement of crystals 
and the cohesion of the gas bubbles during the annealing process 
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were accelerated by the dangling bonds, which had been formed 
as a result of the implantation of the helium ions, being 
terminated by the hydrogen-molecule ions that were implanted 
afterwards- In contrast to this then, it is conceivable that 
as the structure of the ion-implanted area formed as a result 
of the implantation of the hydrogen-molecule ions in the case 
of Comparative Example 9 differs from the one described above, 
that the cohesion of the gas bubbles did not occur even though 
the total amount of ions implanted was sufficient. 
[0020] 

Moreover, even though the total amount of helium ions and 
hydrogen-molecule ions implanted in the case of Embodiment 1 
was relatively small, being 2 . 0*10 16 /cm 2 , blisters formed, but 
in the cases of the Comparative Examples 1 to 5, where 
hydrogen-molecule ions only were implanted, blisters formed 
only in the case of the Comparative Example 5, where 
hydrogen-molecule ions were implanted at a dose of 2 . 5xl0 16 /cm 2 . 
It is conceivable that this is because, in cases where 
hydrogen-molecules only are implanted such as the Comparative 
Examples 1 to 5, the hydrogen-molecule ions form an 
implantation damage layer early on in the implantation process, 
but as the hydrogen-molecule ions that form this implantation 
damage layer are light, a rather large amount had (translator' s 
note: the past tense is used in the Japanese text) to be 
implanted. 
[0021] 

Effects of the Invention 

As described thus far, according to the present invention, if 
the ions implanted in a semiconductor board on whose surface 
an insulation layer has been formed are hydrogen-gas ions or 
hydrogen-molecule ions and helium ions, and if the heat 
treatment to separate a thin film is carried out after these 



14 



ions have been implanted in the order of the helium ions 
followed by the hydrogen-gas ions or hydrogen-molecule ions, 
gas bubbles will form in the ion-implanted area. In contrast, 
if the heat treatment to separate a thin film is carried out 
after the ions have been implanted in the opposite order to 
the above, that is the helium ions are implanted after the 
hydrogen-gas ions or the hydrogen-molecule ions, gas bubbles 
will not form in the ion-implanted area even if the amount of 
ions implanted is the same in both cases. As a result, gas 
bubbles can be formed efficiently in the ion-implanted area 
of a semiconductor board under the present invention. In other 
words, a semiconductor board can be efficiently separated into 
a thick part and a thin film at the ion-implanted area. 
[0022] 

Moreover, if the helium ions are implanted at a dose of 
0.5*io 16 /cm 2 and the hydrogen-gas ions are implanted at a dose 
of 3.0xio 16 /cm 2 to 4.5xl0 16 /cm 2 or the hydrogen-molecule ions 
implanted at a dose of 1 . 5xl0 16 /cm 2 to 2 . 0xl0 1€ /cm 2 , gas bubbles 
can be caused to form in the ion-implanted area during the heat 
treatment to separate a thin film with the same or a smaller 
total ion-implantation amount (the total-implantation amount 
is 3.5xl0 16 /cm 2 to 5.0xl0 16 /cm 2 in cases where He + and H + are 
implanted and 2.0xio 16 /cm 2 to 2.5xio l6 /cm 2 in cases where He + 
and H 2 + are implanted) as in conventional cases where 
hydrogen-gas ions only are implanted ( 5 . 0xio 1€ /cm 2 ) or where 
hydrogen-molecules only are implanted (2 . 5xio 1G /cm 2 ) . 
Consequently, the ions can be implanted in a short time and 
the productivity of (the manufacturing of) an SOI board can 
be improved. 

Brief Explanation of the Drawings 

Figure 1 is a drawing that shows the sequence of the processes 
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of the method for manufacturing an SOI board of the mode for 
carrying out the present invention. 

Figure 2 is a sectional diagram of a semiconductor board, 
showing a typical state of the insulation-layer surface 
whereon blisters have formed during the annealing of a 
semiconductor board wherein helium ions and hydrogen-molecule 
ions have been implanted in an embodiment of the present 
invention. 

Figure 3 is a diagram that shows whether or not blisters formed 
on the semiconductor boards of Embodiments 1 to 5 and 
Comparative Examples 1 to 8 when the amount of helium ions and 
hydrogen-molecule ions implanted in the said boards was 
changed. 

Explanation of the Codes 

11: semiconductor board 

11a: oxide layer (insulation layer) 

lib: ion-implanted area 

11c: thick part 

lid: thin film 

12: support board 

13: laminated body 
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Figure 1 
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Figure 3 
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